By about 2030-2040, the Sun will experience a new grand solar minimum. This is evident from multiple studies of quite different characteristics: the phasing of sunspot cycles, the cyclic observations of North Atlantic behaviour over the past millennium, the cyclic pattern of cosmogenic radionuclides in natural terrestrial archives, the motions of the Sun with respect to the centre of mass, the planetary spin-orbit coupling, the planetary conjunction history and the general planetary-solar-terrestrial interaction. During the previous grand solar minima-i.e. the Spörer Minimum (ca 1440-1460), the Maunder Minimum (ca 1687-1703) and the Dalton Minimum (ca 1809-1821)-the climatic conditions deteriorated into Little Ice Age periods.
Introduction
The solar activity exhibits a fairly regular alternation between solar maxima and solar minima (e.g. [1] [2] ). The grand solar minima known as the Spörer Minimum (ca 1440-1460), the Maunder Minimum (ca 1687-1703) and the Dalton Minimum (ca 1809-1821) are all well known, not least because they correspond quite well with cold periods known as "Little Ice Ages" [3] - [5] .
In the period 1997-2003, I chaired an INTAS project on Geomagnetism & Climate; we concluded that we, in the middle of the 21 st century, had to be back in a new solar minimum with Little Ice Age climatic conditions [6] [7] .
Several authors have made similar observations and claims [5] - [31] .
Several of the papers in the Special Issue of PRP [1] addressed the question of an approaching new Solar Minimum. The conclusions [21] were quite straightforward: Obviously we are on our way into a new grand solar minimum. This sheds serious doubts on the issue of a continued, even accelerated, warming as proposed by the IPCC project.
This quite innocent-and very true-conclusion [21] made the publisher take the quite remarkable step to close down the entire scientific journal [32] .
This closing down gave rise to turbulence and objections within the scientific community [31] [33]- [39] . It even became the incitement to a new book [2] .
In this paper, I will review some of the leading facts for the proposition of an approaching Grand Solar Minimum and a related climatic deterioration of Little Ice Age type, in analogy with what happened during the last three solar minima, viz. the Dalton, Maunder and Spörer Minima.
The Claim of Priority
With respect to all the authors having claimed that we are approaching a solar minimum and/or a new Little Ice Age [1] [2] [5] - [31] , there is hard, even meaningless, to try to identify a paper of priority (maybe [8] ). Apparently, several authors had the same idea based on a verity of different data; heliomagnetic cyclicity, atmospheric production of radionuclides, planetary beat, history and cyclicity of various terrestrial variables.
What we can say, however, is that paper [25] by no means is a candidate for such a priority although this was claimed by media and some blogs [40] . There are many "pioneer" papers before that paper.
I am well aware of the saying: the true pioneers never (or at least seldom) get credit for the discovery.
We leave this discussion with references to a number of preceding papers [1] [5] [6] - [21] .
Predicting Solar Variability and Climate
The validity of physical laws and driving forcing functions is revealed in the appearance in time; i.e., the evolutionary history of cosmos, the planetary system, the Earth-Moon system and the terrestrial processes. The base is a chronology set by dating or time-series with a stratigraphic order. In such records we observe the appearance and re-appearance of events and changes, which often form patterns. In these patterns, we may recognize forcing functions and cyclic patterns. In there cognitions of patterns and cycles, we not only make order of the past, but may also assess predictions of future changes [41] . The cyclic alternations between solar maxima and minima were found to correlate with periods of speeding-up and slowing-down in the Earth's rate of rotation as illustrated in Figure 1 .
At the Spörer, Maunder and Dalton Grand Solar Minima the circulation pattern of the North Atlantic changed dramatically [5] as illustrated in Figure 2 [5] [11] .
At the approaching New Grand Solar Minimum similar conditions are likely to re-occur [5] The analogy with the past three grand solar minima seems quite firm. At all those solar minima the North Atlantic circulation strongly deformed as illustrated in Figure 2 [5] .
Therefore, the same is supposed to re-occur at the New Grand Solar Minimum at 2030-2040 [5] [11] . This was quite a revolutionary conclusion [5] [11] as it totally contradicted the scenario by the IPCC of a continually increasing warming over the next centuries [45] .
The date of the New Solar Minimum has been assigned at around 2040 by Mörner et al. [6] , at 2030-2040 by Velasco Herrera [27] , and at around 2040 by Abdussamatov [23] , implying a fairly congruent picture despite different ways of transferring past signals into future predictions.
In conclusion, we assign an age of the approaching New Grand Solar Minimum of about 2030-2040. This implies that we must expect cold conditions [11] -not warm conditions [45] -at the middle of the present century [11] . Figure 3 gives the cyclic phasing of the Gleisberg and De Vries cycles over the past 600 years with a prediction also for the 21 st century [6] [11] . This is illustrated in Figure 4 [11] [44] . It suggests that there will be a new minimum around 2040.
Hansen [46] observed that the sea level changes in the Kattegatt-Baltic region were dominated by lunar tidal forces. He documented the observed changes for the last 300 years and predicted them for the coming 200 years. Major low levels (in the order of 3 -4 cm) occur at 1809 (i.e. in the Dalton Minimum) and will re-occur in 2034 according to Hansen [47] , fitting very well with the notion of a New Grand Solar Minimum around 2030-2040. It also opens new perspectives on the ~60 year cycle [29] [39].
Wilson [19] showed that solar variability is primarily caused by a spin-orbital coupling between Venus, Earth and Jupiter (VEJ). This is illustrated in Figure 5 [19] [28] . [41] ). The "solar irradiance" curve [46] records the changes in Solar Wind, not irradiance, and must hence be relabelled "a curve of the changes in Solar Wind activity" (therefore their vertical scale of irradiance is put in brackets and quotation marks). Salvador [20] presented a mathematical model of the sunspot cycles based on Wilson's tidal-torque model of Figure 5 . The model had an 85% correlation with the sunspot numbers observed for 1749-2013, and made "a reasonable representation of the sunspot cycles for the past 1000 yr". Therefore, it justified an extrapolation for the next century, as shown in Figure 6 .
The Figure 6 prediction gives an extended low up to 2160 with the lowest values reached within the period 2028-2042; i.e. just where we expect the New Grand Solar Minimum to occur [1] [2] .
In 2015, Salvador extended his analysis over the last 4000 years [28] , comparing his model with the observed 10 Be variations [48] , as illustrated in Figure 7 . [20] based on the VEJ theory of Wilson [19] , and the dTSI as calculated from terrestrial 10 Be variations [48] . The agreement is striking over 4000 years. We take this as a confirmation of the planetary-solar-terrestrial interaction [28] .
Discussion
The Earth experienced speeding-up periods at grand solar minima and slowing-down periods at grand solar maxima [5] [17] [29] [49] . This controls the main ocean surface circulation. In the North Atlantic this is seen in the beat and directional shifts of the Gulf Stream [5] [9] [11] as illustrated in Figure 1 . It is also recorded in the rises and falls in sea level in the Indian Ocean (Figure 2 of [29] ). The link between solar variability and terrestrial responses must go via the interaction of the Solar Wind with the Earth's magnetospher [5] [17] [42] [44] [49] as illustrated in Figure 8 .
The origin of solar variability may be generated in the solar core [50] , at the tachocline [51] or at the surface [52] [53] . The driving forces are likely to be spin-orbital effects from the planets as proposed by Wilson [19] and established by Salvador [20] [28] as illustrated in Figure 6 and Figure 7 .
Another important factor must be the constant motions of the planetary bary-centra inside and outside the Sun providing an "excenter-wheel motor" [30] , fully capable to affect the radioactive interior, the tachocline and the surface in ways generation cyclically occurrence in the solar variability.
Conclusions
The phasing of the solar cycles gives a clear message for the middle of the century: there will be a New Grand Solar Minimum [1] . This is also the case when we consider the cyclic relations between Earth's rotation, ocean circulation and Arctic climate [5] [17] [29] as illustrated in Figure 1 and Figure 4 .
During the last three grand solar minima-the Spörer, Maunder and Dalton Minima-global climate experienced Little Ice Age conditions [3] - [5] . Arctic water penetrated to the south all the way down to Mid Portugal, and Europe experienced severe climatic conditions as recorded in Figure 1 and Figure 2 . The Arctic ice cover expanded significantly [11] .
By 2030-2040 we will be in a New Grand Solar Minimum (cf. Figure 3, Figure 4 ), which by analogy to past minima must be assumed to lead to a significant climatic deterioration with ice expansion in the Arctic [5] [11] .
The mathematical model by Salvador [20] [28] seems to provide an excellent tool for the prediction of future sunspot variations ( Figure 5, Figure 6) .
We now seem to be in possession of quite convergent data, indicating that we by 2030-2040 will be in a New Grand Solar Minimum.
This precludes a continual warming as claimed by the IPCC project [45] . Instead of this, we are likely to face a new Little Ice Age (Figure 2) .
So, when Hunter [54] talked about "Thermageddon: countdown to 2030", exactly the opposite is likely to by the true climatic shift [34] [55] ; viz. a significant cooling, maybe even a Little Ice Age, and by no means any disastrous warming.
Consequently, by 2030-2040, it seems most likely that climate reality-a cooling associated with a grand solar minimum-will imply a long nose to the IPCC concept [45] and the idea of a thermageddon countdown [54] . Not only is it a question about facts [36] [37] but also a respect to geoethical principles [37] [38] .
